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SCIENCE AND HUMAN PROSPECTS 

by Eliot Blackwelder 

(Address as Retiring President of The Geological Society of 

America 1940) 

On facing the duty of preparing the customary 
Presidential address for this year I gave some 
thought to the question of what contribution 1 
could best make. Having been for many years 
a field geologist and at times even an explorer 
I might have gathered up the results of many 
local studies and generalized them. Being en¬ 
gaged more recently in studying desert physi¬ 
ography and the Pleistocene history of the 
Western States, I might have chosen one ^ 
subjects—and indeed they are well worth con- 

“ Howlver, to such a fateful year as 1940, it 
seemed to me that the occasion called for a 
subject of greater importance and one that has 
more direct relation to the welfare of this nation, 
and so I decided to ask your attention ttus e 
ing to a subject that has long been one ot y 

chief concerns—namely, education g q{ 

and its relation to the future 

It seems to me that a teacher of 
inleed of any other. science 

tion, and explaining processes and theories 
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however important those educational duties may 
be—but especially to training young people in 
the scientific way of thinking and helping them 
to acquire the scientific spirit. To my mind 
that is his most important function. 

Since geology is considered a science—albeit ! 
not one of the so-called exact sciences—and since 
we call ourselves scientists, it may be well to 
ask at this point, What, essentially, is science ? 
In general terms the dictionaries say that it is 
knowledge established, organized, and syste- 
; matic. To me however this concept is not 
adequate. In the words of the great French 
mathematician Poincare: “A collection of facts 
is no more a science than a heap of stones is a 
house/’ Verified knowledge is one element, 
organization and classification are necessary, and 
so is the testing of hypotheses, but I cannot 
regard any of these as the core of science. To 
me the basic thing about science is an attitude 
or habit of mind, a way of thinking which is 
characteristic of those entitled to be called 
scientists. If that is so, most subjects of human 
concern may be dealt yith in a scientific way. 
The essential basic condition is freedom from 
bias and prejudice. The major objective of the 
scientist is truth, no matter how unpleasant it 
may be or how much discomfiture it may cause 
among those who hold cherished beliefs which 
happen, nevertheless, to be errors. Dr. Crapsey 
once remarked that “ Truth is a brand-new 
virtue ”; and it may be added that as such it is 
not yet as widely sought and valued as it should 
be. It has been well said that “ the purpose of 
science is understanding.” This is only a 
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modern version of the well-known admonition 
of King Solomon to “ get understanding. 0 

The scientific method is relatively new. As 
recently as four centuries ago it was a rarity 
even among the most learned thinkers of the 
time. To-day it is used only incidentally by most 
of the people in even the most civilized countries. 
It is hardly an exaggeration to say that the 
majority of educated persons, even those with 
college degrees, do not really understand it. 
Often it is confused with invention or the mere 
cataloguing and classifying of knowledge. Some 
years ago, in a nation-wide poll which was taken 
for the purpose of finding out who was popularly 
considered to be the greatest scientist in the 
United States, the choice fell upon Edison, the 
inventor. But inventions, however useful and 
ingenious, are only the outgrowth, the by¬ 
products, of science. Although invention was 
originally a matter of mere cut-and-dried experi¬ 
ment, it now makes more and more use of science, 
until much of it is now highly scientific in the 
true sense. Even so, the one should not be 
confused with the other. Science is not inven¬ 
tion. The purposes of scientists and inventors 
are fundamentally different, even when they use 
similar methods. 

As for the majority of mankind, m the less- 
developed countries, their lives have scarcely 
* been touched by science except in the form of 
■ some of its tangible products, such as machines, 
the radio, or by the services of the sanitarian, 
and their understanding of science is hardly 
greater than was that of their ancestors a thousand 

years ago. 
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Even among the most cultured of civilized people 
some misunderstand science so completely that 
they think they disapprove of it and consider it 
dangerous. Not infrequently do we hear the ills 
of the world to-day blamed upon the advances 
of science, by which is evidently meant inven¬ 
tions such as dynamite, poison gas, or the air¬ 
plane. Some writers have even called for a 
moratorium on scientific research, lest the 
dangers they ascribe to science overwhelm our 
civilization. But we do not abolish automobiles 
just because criminals use them in bank robberies 
and child-snatching. On the contrary, it would 
seem better to extend the scientific method to 
those fields of study which are not yet making 
the required progress. One might paraphrase a 
famous remark about democracy by saying, 
“ The best cure for the evils of science is more 
science ”—at least better and more widespread 
science. 

The genuine scientist searches out the facts he 
requires, testing and evaluating them as he goes. 
He must try to discriminate the true from the 
false and the trivial from the significant. His 
disciplined imagination, always at work even 
during the fact-gathering process, suggests ex¬ 
planations for the things observed—usually for 
the details, and later, as the picture takes shape, 
for phenomena of wider scope. All these ideas 
must be impartially tested before they can be 
either accepted or rejected, just as an engineer 
determines by calculation the strength of the 
arches in a projected bridge, and for a similar 
reason. How high shall we appraise the value 
of the fortunate speculator who happens without 
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much evidence to hit upon the right explanation 
far ahead of others, as compared with the patient 
investigator who carries a firm structure of fact 
and controlled theory with him all the way ? 
The former has uses, but it is chiefly to the latter 
that steady scientific progress is due. Loose 
speculation is an ingrained habit of humanity, 
but the careful scientist realizes that many pro¬ 
blems are now insoluble because the necessary 
data are not yet obtainable. . He will therefore 
restrain his fancy, devoting his efforts to objec¬ 
tives that are within his reach, content to leave 
to his better informed successors those other 
questions which are not yet ripe for consideration. 

The critical testing of ideas is a habit difficult 
for the average human being to adopt. An 
original idea is a brain-child and tends to be 
jealously cherished as such. To expose it to the 
cold light of reason takes a sort of Spartan 
courage that is too often undeveloped and yet 
is one of the essential attributes of anyone who 
aspires to be called a real scientist. To be 
t merely logical with facts selected for a purpose 
I is much easier than to divest oneself of bias. 
Steadfast courage and a renunciation of false 
pride are required in the search for opposing 

rather than supporting evidence. 

The unrealized assumptions hidden in his 
theory are the sunken rocks on which the ship 
of many a hopeful scientist is wrecked. Gur 
literature affords examples without number 
especially in the earlier times. Geologists wi 
find a good illustration even in the writings of 
that thoughtful old Scot who is regarded as 
the founder of their science—James Hutton. 
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Writing about the granite boulders from Mont 
Blanc that are sprinkled over the slopes of the 
Jura Mountains near Geneva, he concluded that 
the Rhone River must have excavated its valley 
after they were deposited. The erroneous 
assumption, hidden in his mind and unrecog¬ 
nized, was that only streams could have moved 
the boulders, and he knew that streams cannot 
flow uphill. He overlooked the glaciers, al¬ 
though it is evident that he already knew some¬ 
thing of their power and habits. Perhaps he 
assumed that those he saw around Mont Blanc 
had never been much larger than they were in 
his day. 

Failing to understand what the real scientist 
must be and what the essentials of science are, 
part of the public to-day is led to accept as 
science various elaborations of intuition, specu¬ 
lation, and fancy, such as were much more 
widely current a few centuries ago. To the 
practitioners of this pseudo-science, David Starr 
Jordan (1924), in a humorous paper, once gave 
the name “ Sciosophists. 1 ' The term, he ex¬ 
plained in mock seriousness, comes from two 
Greek words, sktos meaning shadow, and sophos 
meaning wisdom, or in short " the shadow of 
wisdom/’ Sciosophists, he said, are happily 
free from the ordinary limitations of science, for 
they are not hindered by the need of evidence. 
To them one idea is as good as another, and so 
why go through the laborious process of examin¬ 
ing facts, searching out all the evidence, and 
testing each explanation before accepting it ? 

A glittering and imposing structure can be built 
up with ease by a sciosophist out of many such 
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unverified suppositions; but, of course, Jordan 
scarcely needed to say that it is as vulnerable to 
critical analysis as a child’s tower of blocks is to. 
a touch of the hand. It is regrettable, but in a 
free country perhaps unpreventable, that the 
cloak of science should be donned and worn by 
faith-healers and other mystics who have no 
comprehension of the meaning of the term. As 
a result, however, it is hardly surprising that part 
of the general public has a rather confused 
impression about science, when it reads serious 
accounts of such absurdities as a science of 
astrology/’ ” the science of phrenology,” and 
many others. 

That the scientific method had its beginning 
in the ancient Greek and probably even earlier 
civilizations is clear enough, but it was displayed 
by only a few of the philosophers of that era, 
and not consistently even by that few. This is 
all the more strange in view of the fact that the 
art of reasoning—logic—was highly cultivated 
by the Greeks. True, men like Anaxagoras at 
Athens had many sound ideas and employed the 
scientific method to a notable extent, but at the 
same time they entertained, as firm beliefs, some 
notions that would now bring a laugh to any 
schoolboy. 

If one examines the writings of the founders 
of ancient Greek science in the sixth century b.c. 
—men like Thales and Anaximander—one finds 
that many of their opinions were mere supposi¬ 
tions, elaborated and bolstered with such support 
as laboured argument and ingenuity of words 
could give. These men were the precursors of 
modern scientists, but can hardly be called 
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scientists themselves. No true scientist would 
have seriously put forth as a conclusion so fan- 
I tastic and wholly unverified a notion as the great 
Aristotle's dictum that earthquakes are due to 
the surging of the wind through caverns in the 
earth. Even allowing for the inaccuracies of 
translation from the Greek, one can find only 
the slenderest evidence to support this opinion. 
It was a result of pure speculation upon a subject 
about which the author had not even the most 
elementary knowledge. Yet it was quoted 
with approval for twenty centuries. This is all 
the more inexcusable because a considerable 
body of definite information about earthquakes 
was available in the Greek world of Aristotle's 
day, and there were many pertinent observations 
on geology that could easily have been made in 
that epoch, even without modem instruments, 
if serious attention had been devoted to the 
problems. 

In its early stages the cultivation of science 
was often too largely a contest between cham¬ 
pions of rival theories. In ancient Greece the 
celebrated master gathered about him a group of 
disciples who too often came to regard his pro¬ 
nouncements as infallible. In the school of 
such a man as Pythagoras of Sicily, to quote the 
leader was sufficient to settle any disputed point. 
The ideas of the master thus became dogmas 
and took on a kind of sanctity. 

It must be admitted that dogma has been the 
fashion of the past. For millions of the earth's 
inhabitants it still remains so. To-day we see 
the current of progress being reversed in the 
despot-ridden countries of Europe, where the 
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privilege of freely drawing conclusions from 
evidence is being restricted and the blind 
acceptance of official dogma is exalted as a duty, 
if not a necessity. 

Even in the last century or two the history of 
science was marred by many a bitter controversy 
between rival leaders and their followers over 
theories. A theory was defended like a home 
citadel, and doubters were considered enemies 
actuated by the darkest of motives. Among 
such bickerings there was by contrast the 
magnanimity of Charles Darwin, who said, 
regarding the storm of criticism that raged after 
the publication of The Origin of Species , “ If 
my book can not stand the bombardment, why 
then let it go down and be forgotten.” 

Fortunately, rancorous disputes have now¬ 
adays largely ceased to afflict the relations of 
real scientists. Yet there is still far too much of 
that spirit in the world at large. It has been 
well said that “ Most men think with their 
; emotions rather than their intellects.” The 
ancient method of verbal combat is still employed 
in our law courts and legislative halls. Each 
participant adheres to his thesis. Search is then 
made for evidence to supporffit and at the same 
time to refute its opponents. An equal effort is 
made to suppress or depreciate any facts that 
may prove to be embarrassingly adverse. 

Tlie debating society may be a good place to 
train lawyers, but the partisan attitude of " win 
the argument and confound the opponent ” is 
an unhealthy state of mind for a young scientist. 
Indeed, he can never become a true scientist 
until he outgrows that mental attitude. Rather 
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he should cling to the advice of that wise old 
Quaker, William Penn: “In every debate, let 
truth be thy aim, not victory.” Perhaps ft Is" 
our sporting instinct, derived, it may be, from 
our age-long struggles against each other, that 
makes us usually more interested in winning a 
contest than in finding the truth. 

By those who have not considered the matter 
thoroughly, scientists are often adversely criti¬ 
cized for devoting so much of their energy to 
problems that seem to lead to nothing of any 
iuman value. No doubt there is considerable 
merit in this charge. But we shall never know to 
what extent it is justified, because we can only 
guess what kind of knowledge and what kind of 
understanding may become useful in the future. 
The history of science is full of examples support¬ 
ing this statement. Our huge electric motor 
industry grew out of the simple discovery by 
Faraday that when a magnet was moved in a 
loop of wire an electric current was generated in 
the wire. Why should the knowledge of that 
bare fact have been of much value, and why 
should the public have been impressed at the 
time ? In fact, it was not. Only a few men of 
science gave it some attention, as revealing a 
new principle—that of electromagnetic induction. 
Similarly, the oil industry of Texas has been 
greatly aided by the intelligent combining of 
many bits of scientific information no one of 
which by itself has much commercial value— 
such items as undulations in strata, earth 
vibrations, soil analyses, and foraminifera in 
drill-hole samples. 

Although the gathering of facts cannot in 
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itself develop a science, yet facts we must have, 
in infinite number and variety, even though they 
are only the bricks to be used by the builder. The 
mere multiplication of facts, the piling up of 
observations closely similar to hundreds of 
others, is properly regarded as of less value than 
the search for explanations, principles, and laws. 
While the layman thinks of Major Powell as the 
intrepid explorer of the Colorado River and its 
Grand Canyon, discovering, even at the risk of 
death, the wild beauty of its scenery and the 
details of its geologic section, it is fitting that 
geologists should honour him even more for his 
clear exposition of the principles of the base 
level of stream erosion and the antecedent 
river. 

In view of the fact, already mentioned, that 
we can seldom foresee what utility any scientific 
fact or principle will eventually have, we cannot 
afford to neglect any aspect of science. Dis¬ 
coveries in one field often release obstructions 
that have held back progress in other branches 
of science, and thus permit further advances. 
On the other hand, by regimenting scientific 
work and even opinion, along with all other 
phases of life, for their own immediate purposes, 
modern tyrants are violating this principle. 
This they can do with some measure of success 
for a short time, but eventually their countries 
will almost surely suffer a degeneration of 
science, and therefore of the civilization which 
is based upon it. 

Along with the increasing complexity of 
modern life there has grown up an urgent need 
for the scientific expert. The demand is being 
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met by many persons who are real scientists, 
but unfortunately by others who do not deserve 
the name. On that score Dean Roscoe Pound 
lately said in sarcastic vein that “ the adminis¬ 
trator is not appointed to office because he is an 
expert, but he is an expert because he has been 
appointed.” We all know of cases that fit this 
satire, but in all seriousness we may trust that 

they are not numerous and that they are 
decreasing. 

Since the public must depend on its experts, 
it is essential that it should be well justified in 
placing confidence in them, to the end that such 
respect will endure. That puts a heavy res¬ 
ponsibility upon the individual expert. As 
Grover Cleveland once said, “ a public office is a 
public trust,” no less so should any degree of 
leadership in science be regarded as a public 
trust; and so the expert scientist is under great 
obligation to deserve the confidence of the public. 
His intellectual honesty will need to be out¬ 
standing and unwavering. To-day, in this 
country, the scientist has already won such 
esteem to a large degree, although he is com¬ 
promised and discredited now and then by the 
shortcomings of the less conscientious and care¬ 
ful of his colleagues. Unfortunately, too, it is 
among the latter that the most vocal types are 
apt to appear, and it is they who often attract 
the most public attention. Perhaps it is expect¬ 
ing too much of man, as we know him, to hope 
that a time will some day arrive when our most 
influential leaders will be persons who have the 
true scientific spirit and have been trained 
expressly for the work they are to do, as humble 
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in the face of their own limitations as they are 
wise and honest. 

Many years ago, a former president of our 
Society, R. A. Daly, speaking informally as a 
visitor to one of my classes, advised the boys to 
" think to scale.'* It would be hard indeed to 
pack more meaning into three words. The 
person who thinks to scale sees the relative value 
of each fact he uses and of each objective before 
him. He can then economize his time by con¬ 
fining his attention chiefly to the important and 
the significant problems. On that point the 
wisest of the Roman emperors, Marcus Aurelius, 
is said to have remarked that “ every man is 
worth just so much as the things are worth to 
which he devotes his earnest efforts.” It might 
be somewhat disquieting to many of us if we 
should measure ourselves by that principle. 

More than three centuries ago Sir Francis 
Bacon urged the application of the scientific 
method, as he then conceived it, to human affairs 
and problems in general; but we are still far 
short of having adopted his advice, although 
all our experience since his day confirms its 
value. ( 

The greatest progress has been made thus far 
in the physical sciences, and scarcely less in the 
biological. The scientific method and attitude 
of mind also pervade to a very large degree the 
related professions of engineering and medicine. 
Engineering and invention, based in increasing 
measure upon science and pursued largely in the 
scientific spirit, have given us nearly all our 
modern transport and communication facilities, 
our great water control and power devices, our 
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vast numbers of useful and convenient new 
materials such as rayon, plastics, alloy metals, 
and other benefits too well known and too 
> numerous to mention. But for the application 
of medical science we should be decimated not 
only by typhoid, tuberculosis, and small-pox, 
but also by yellow fever, cholera, and even the 
plague. Were it not for the deficiency of science 
in politics, statecraft, and ethics we might not 
find ourselves to-day threatened by the plague of 
military despotism, which is more deadly in its 
modern form than any pestilence. We have 
used the scientific method in engineering and 
medicine for a century and have found it good— 
far more effective than the old ways of specula¬ 
tion or of trial-and-error. In spite of, the 
difficulties involved, why not then extend it to 
other fields ? Is there any reason to suppose it 
will not bring great improvement there also ? 

In such fields of study as economics and soci¬ 
ology the complex and fluid nature of the basic 
data that must be used and the influence of 
human prejudice, which closely touches these 
subjects, have greatly impeded their emergence 
from speculative philosophy and their rise 
toward the scientific level. In addition they 
need a more general adoption of the scientific 
attitude and method. Why not apply these to 
human affairs, subdue the emotional considera¬ 
tions, and brush away the cherished errors of the 
past ? Then we should be able to move more 
rapidly towards a real understanding of prin¬ 
ciples, for we are justified in believing that such 
principles do exist. || 

In ethics, which is in some respects the most :| 
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important of all subjects of human inquiry, we 
have made no great progress beyond the Greeks 
of Aristotle’s day; and most of them were, 
except in mathematical studies, philosophers 
rather than scientists. Even to-day the study 
of human conduct is but slowly emerging from 
its age-long status as an appendage of religion. 
Would it not bring fruitful results to study 
ethics in the same scientific spirit that already 
pervades such a field of research as physiology ? 
Without a firmly based and widely accepted 
science of ethics, the other natural sciences alone 
may lead us eventually to ruin for want of 
'adequate control. Under the direction of the 
5 engineer, dynamite is an effective aid in con¬ 
struction and promotes industrial progress; but 
in the hands of the criminal it means murder 
and destruction. The difference is only one of 
ethics. 

To have science flourish, there must be com¬ 
plete freedom of inquiry and discussion. The 
beneficial influence of such freedom is indicated 
by the extraordinary development of philosophy 
and the sciences among the Greeks in the fourth 
to the sixth centuries B.C., in the Germany of 
the nineteenth century, and in modem America. 
Scholars properly insist on this necessity and 
guard their hard-earned right to intellectual 
liberty; nor is this freedom of research so firmly 
held but that it takes a little defending all the 
while from the bigots who would close to dis¬ 
cussion certain trends of thought of which they 
chance to disapprove. 

j But if the scientist is to deserve and therefore 
f keep his freedom, even in a democracy, he should 
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be equally scrupulous about his own responsi¬ 
bility to the public. He has no right to claim on 
the one hand immunity from restraint and on 
the other licence to be unreliable. It is the few 
irresponsible members of our profession who 
endanger our freedom of expression, for it is 
their words that tend to discredit the very 
science to which they are nominally attached, 
and thus bring all science into disrepute. 

One of the best indicators of the scientific 
maturity of a nation is the standing accorded 
scientists in their own communities. In Greece, 
science and philosophy flourished not only 
because they were free but because they brought 
honour and even wealth to those who distin¬ 
guished themselves in scholarship. In Germany 
forty years ago the great scientist, like Helm¬ 
holtz, was appointed a Geheimrat and on the 
whole stood higher in the social scale than the 
banker or the industrial magnate. In our own 
country we are lately beginning to appreciate 
our thinkers, but their value to the world is not 
widely comprehended, nor are we very dis¬ 
criminating in recognizing them. We are apt 
to rate too highly the man who makes a spec¬ 
tacular but very definite and easily apprehended 
discovery, as compared with another who slowly 
develops an idea or principle which in time 
unlocks for us another room of progress, 

Jefferson, Franklin, and other founders of our 
American Union fully realized that a well- 
informed people was essential to the success of 
the republic. Although a lover of freedom, 
Goethe understood the difficulty of making a 
democracy succeed, remarking that “ the trouble 
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with democracy is that it has to wait for an 
enlightened public opinion.” More pessimistic 
commentators, like Disraeli, were confident that 
the experiment could end only in failure, because 
they believed that even the best popular educa¬ 
tion that was practically attainable would be 
inadequate. 

A system of education, to be good, must be 
suited to its time in history. The boys of ancient 
Persia were taught “ to ride and to shoot and to 
\speak the truth/' In their day, nearly 3,000 
years ago, that was education enough, but now 
it would be of little avail, although the last item 
(speak the truth) has eternal value. 

If we were willing to accept the Nazi plan of 
•society we should need only a small highly 
educated upper caste. The rest of the people 
would be given only training and indoctrination. 
But if we want freedom and the so-called 
democratic way of life, then we need the most 
widespread and effective education that our 
mental equipment will permit. In our own 
1 system a few wise leaders would be helpless in the 
face of a grossly ignorant populace, swayed 
chiefly by its emotions and prejudices. Too 
often this has been true in democracies thus far, 
and in America it is still a dangerous factor. 
So I conclude that we must have, as soon as 


we can provide it, far better and more extensive 
education, and a general adoption of the scientific 
attitude of mind. Is that a large order? It 
surely is—perhaps too much to expect—but it 
may well be the price of our liberty and .the 
survival of the American type of^ 1 
Hitler is quoted as having 
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is capable of governing itself or even of planning 
its own affairs. If the majority of the people 
are to be kept in ignorance, he is doubtless right. 
As our life becomes more complex our problems 
become more difficult. To solve them badly 
may mean disaster. To solve them well requires 
adequate knowledge and especially clear think¬ 
ing. Bias and prejudice are liabilities or handi¬ 
caps that we cannot well afford and hence 
should try by all means to reduce. If, in a 
republic, we are to have affairs well handled, we 
must rear millions of capable unbiased persons 
to make those varied problems their life con¬ 
cerns. That, it seems to me, demands the 
scientific attitude of mind and an efficient 
system of education expressly devised for that 
purpose; for it is not something which we gain by 
inheritance or in the common experiences of life. 

To ensure a well-informed and intelligent people 
is a most difficult task. History affords no good 
example of such a nation. It is by no means 
certain that it is even possible. The eugeni- 
cists will properly assert that their advice must 
be followed, and no doubt there is some hope in 
their principles and plans; but beyond that it 
seems evident that education is our best chance. 
It means educating more people and educating 
most of them longer—perhaps continuously 
throughout life. Most important of all, it means 
educating them far more wisely and efficiently. 
As a scientist I am perhaps biased in believing 
that the most important element in this educa¬ 
tion is the scientific attitude of mind. That 
does not mean that every person must become 
a scientist, but that he must acquire the habit of 
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thinking as a scientist. It means that the great 
majority should understand what science is, 
■what it stands for, and its value to society. 
They should then be able to recognize the true 
scientist and distinguish him from the sciosophist 
or the impostor. It will also enhance their 
capacity to judge the merits of their leaders and 

the general issues of the day. 

Having harped at length on the importance 
of science I must ask you not to misunderstand 
me as implying that science is all we need. It 
is no panacea for our troubles. Indeed, if we 
were exclusively scientific we should not be 
human at all. There are other things that are 
also necessary—love, art, imagination, intuition, 
loyalty, poetry, and many others. I merely 
emphasize the opinion that science is one of the 
most indispensable factors in civilization. We 
must become more scientific and especially more 
widely scientific. 

To say that one vital function of society is more 
. important than another is as pointless as to say 
that the lungs are more important than the heart. 
We may, however, be sure that effective educa- 
' tion is one of the indispensable concerns of a 
free civilized nation. In the opinion of Dr. 
Copeland (1928) “ education is incomparably the 
most important function of society." Without 
it the State could not endure for even a century, 
for in no other way can the long slowly won 
progress of the past be effectively transmitted. 
Good education is one of the greatest means of 
national advancement. Poor education ensures 
\ the decline of a people * and even their dis¬ 
appearance as a nation. 
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Many of the ablest thinkers in the past, from 
Plato down to our own day, have felt sure that 
democracy was an unworkable plan. Much as 
I hope that they were mistaken, I should feel 
constrained to agree with them if I did not 
have some grounds for hoping that we can devise 
and continually improve a process of education 
adequate for the requirements of the country \ 
but it will need to be much better than anything 
we have had thus far. This hope is encouraged 
by the view of so experienced an educator as 

eX "j M° r § an of Antioch College, who has 

said that results as revolutionary are possible 

m education as in engineering, and they are even 
more necessary/ 1 

Conditions in our schools and even in our 
colleges and universities to-day are far less 
satisfactory than they should be in view of our 
acute need of the best education we can provide. 
As recently remarked by Professor Curtis (1939): 

Even in this so-called scientific age we 
hnd, among our high-school, college, and uni¬ 
versity graduates, many who believe nothing 
ennite and have no convictions while 
many others will believe anything, no 
matter how fantastic . . . there is little 
ailterence between many college graduates 

w ^° ^ ave n °f gone beyond the 
eighth grade, insofar as their mental attitudes 

or judgments in the fields of science are 
concerned/' 

This he is inclined to ascribe partly to the fact 
that many teachers, as well as students, have had 
little or no training in science and partly to the 
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type of teaching that is all too prevalent, 
especially in our lower schools. Too much of it 
is dogmatic, and the student is not trained to 
think for himself* There is far too much 
emphasis upon the learning of facts, on the mis 
taken supposition that knowledge, as distin¬ 
guished from understanding, is the chief object 

of schooling. 

Since in order to progress we must constantly 
improve our education, we shall have to have 
more teachers, especially better and wiser teachers, 
and teachers who are not only competent to 
train youth but who are allowed to utilize their 
competence in teaching, under a minimum o 
administrative control. In my opinion no ma¬ 
ture teacher who needs to be told by a principal 
or dean how to teach deserves to be employed as 
a teacher. There has grown up in recent years 
a widespread tendency to overstress the impor 
tance of teaching methods and to give school 
executives wide powers of direction over the 
daily work of the individual teacher. Such 
practice overlooks the fact that good teaching is 
a matter of individuality, that the teacher to e 
successful must be a true scholar, and that 
scholars cannot be regimented Also our 
1 system has always been less effective than it 
5 should be, because we have left so much of the 
education of our rising generation to relatively 
inexperienced young persons. This seei ^® 
almost as short-sighted, and in the long run as 
likelv to prove disastrous to the nation, as to 
leave our military defence largely to young 
recruits. The only apparent advantage to this 
is that it is less expensive than the alternative; 
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but the cheapest system may prove in time to be 
the least economical. 

At this point it may be asked what results we 
can fairly expect from such improvements in 
our educational arrangements in the next decade 
or century. The experienced scientist will under¬ 
stand that sound improvement in human affairs 
will come only by evolution and after cautious 
experiments on a small scale rather than by 
sudden revolutionary changes on a large scale. 

One of our greatest dangers lies in the im¬ 
patience of many people to gain great results 
quickly. This is natural enough, in view of the 
brevity of our individual lives. But it is incon¬ 
sistent with the principles which govern all life. 
We are a part of nature and, however much we 
may seem to influence natural processes, there 
is every reason to believe that we are in fact and 
on the longer view controlled by nature. 
Whether we like it or not, slow evolution is 
nature's way. And so we can hardly hope to 
elaborate some theoretical new scheme of social 
or economic organization, put it into practice 
on a national or world-wide scale in a few years, 
and have any reasonable prospect of success. 
Hidden faults and weaknesses are likely to cause 
failure, and that in turn may exhaust for decades 
even the healthy impulse towards improvement. 
The fascination that these schemes have for our 
youth doubtless has a complex cause; but it 
may well be due in part to the faulty character 
of our current education, which has not given 
them the advantages of the scientific viewpoint. 

Again, as Daly said, they should learn to 

think to scale." 
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However difficult it may be to forecast future 
trends more than a few years ahead, the geologist 
can hardly be expected to overlook the longer 
view j and so I may now raise a few questions 
about what may be in store for humanity in 
another epoch—not a matter of centuries, but 
probably of tens or even hundreds of thousands 

of years. 

There are many who expect that man will 
make continuous progress towards higher and 
better things, becoming in the course of time so 
much wiser, more sensible, and reasonable that 
the world s life will be vastly more happy than 
it has ever been in the past. War, sickness, and 
poverty would then be abolished. Cruelty, 
hate, and injustice would become obsolete, and 
we should be living in a sort of Golden Age the 
like of which we have never even approached. 
That is a beautiful vision to contemplate, 

especially in these dark times. 

The lessons of historical palaeontology may 
throw a beam of light ahead on this speculation, 
for of course it is no more than that. As we look 
back over the history of man we find evidence 
! of great cultural progress since the time of the 
primitive cave man, who made crude stone 
implements, but lived in isolated families com¬ 
peting with the wild beasts of the day for such 
food as could be found or seized. He was indeed 
only one of the beasts, and it is hard to point out 
more than a few respects in which he was superior 
to them. Did the early Stone Age men gradually 
develop, by slow practice and learning, into 
modem man? We do not know, but there is 
little reason to suppose so. All that we know 
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to-day of human palaeontology indicates that 
what we loosely refer to as man comprised a 
group of at least five and probably eight or more 
distinct animal species which are generally 
grouped by zoologists in several genera. These 
may have originated in various parts of the 
world, each lived many tens of thousands of 
years, and then with one exception all became 
extinct. At certain times two or more such 
species may have co-existed, although probably 
in different regions. Perhaps they eventually 
killed off each other, just as the white race in 
historic times has exterminated the Tasmanians 
and certain other primitive tribes. But to-day 
only one species survives, and he has apparently 
had the field all to himself since the middle of 
the last glacial epoch, or about 30,000-50,000 
years ago, according to current estimates. Each 
of these species appears to have been as distinct 
from the others as species and genera of animals 
usually are. 

There is nothing to indicate that the very 
primitive Sinanthropus made much progress in 
culture during his long career in China. He 
learned to use fire—probably to make it—and to 
fashion a few simple tools of stone and bone; 
but that seems to have marked the limit of his 
inventive capacity. For shelter and safety 
from attack he seems to have crept into caves, 
like many another beast. 

Neanderthal man, generally placed in the 
genus Homo , shows evidence of a distinctly 
higher culture. He made more varied and 
better tools of chipped flint, of wood, bone, and 
other materials ready to his hand. But with a 
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brain which appears to have been inferior, even 
his long career as a species seems not to have 
sufficed for him to invent pottery, polished or 
I ground stone tools, to learn to domesticate and 
use other animals rather than to hunt them, or 
to grow crops, not to mention building houses 
or using metals. Apparently he had some ideas 
' about spirits and a future life, for he buried his 
dead with some care and placed in their graves 
some of their ornaments and weapons ; but we 
have no evidence that he developed any art of 
drawing or sculpture, and none of his tools were 
finely wrought. There is evidence of only slight 
progress during the long age through which he 
ived, and at his best his cultural level was 
distinctly lower than that of the most primitive 
savages now known to anthropologists. 

How these various species of men came into 
existence is unknown and may well remain so; 
but there is nothing to suggest that their origin 
differed in any way from that of the other mam¬ 
mals. To suppose that it did would be gratuit¬ 
ous speculation. Indeed, had it not been for the 
achievements of the latest of these species, the 
hominidae would never have been entitled to 
special notice as anything more than somewhat 
peculiar mammals. 

From biological friends whom I have con¬ 
sulted I learn that they are not yet agreed upon 
the question of how a new species originates. In 
fact there is some difference of opinion as to just 
what constitutes a species, as contrasted with a 
race, a variety, or even a genus. While waiting 
for the biologists to work out these problems, we 
may use the term species a bit vaguely in its 
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current meaning, and we may tentatively adopt 
the now preponderant view that new species 
originate not by gradual imperceptible changes 
but by sudden mutations, either extensive 
enough to produce a distinct species at once or 
occurring in series which eventually culminate 
in full specific status. 

However any new species actually originated, 
its parental species doubtless continued to exist 
for a time without much change. The new 
kind expanded in numbers and, if more effective, 
eventually overran and exterminated the older 
one. It then went on living without important 
physical change until it was in turn crowded out 
by more efficient animals or until it succumbed 
to other adverse factors in its environment. 

Have we any reason to suppose that Homo 
sapiens is not subject to the same process or 
that his fate will not be similar? He differed 
from earlier species of men very slightly in 
physical form and structure. His achievements 
and the shapes of his crania suggest that he 
possessed, from the outset, not only a larger but 
probably also a distinctly better brain, which 
Pas enabled him to learn more extensively, to 
devise complicated languages, and eventually 
to develop what we now call civilization. This 
progress seems to have gone forward on a steadily 
rising curve. For perhaps 20,000 years Homo 
sapiens was only a savage, a wandering hunter. 

In the next §,000 years or more he advanced 
locally to the status of a shepherd and even a 
village fanner. In another 3,000 years he learned 
to extract and use metals, form city states and 
even nations, and become skilful in many of the 
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finer arts. Accelerated advance in the next 
1,000 years lead to books, commerce, literature, 
and philosophy. The last century or two has 
witnessed a rapidity of material progress in com¬ 
munication and far-flung organization that ex¬ 
ceeds anything previously known; and with it 
has come much growth in ideas and in the com¬ 
plexity of economic and social arrangements. 
Are we justified in assuming from the contempla¬ 
tion of that curve that it will continue to rise 
indefinitely, and at a similar rate ? Is there in all 
geologic or human history any precedent for 
that ? Other animal species of the past have 
followed career curves that involved a rise, 
culmination, and decline. We have seen the 
same law controlling the nations and even races 
of humanity. Will our own species also reach 
its climax and then deteriorate ? And if that 
happens, how and when will it occur ? As yet 
we have but little basis for answers to such 
questions. 

In contrast to his progress in ways and ideas, 
Homo sapiens seems to have undergone only 
slight physical changes, even in the estimated 
30,000 years of which some records have come 
down to us. Anatomically there seems to be no 
evidence whatever of any progress—no increase 
in cranial capacity, probably no appreciable 
change in brain anatomy. In the last 3,000 years, 
in which some evidence is available, there is no 
sign of any improvement in native intelligence. 
Man’s actions are still governed more by his 
emotions and subconscious mental elements 
than by his intellect. His savage instincts, 
that we like to think began to be conquered 



30 SCIENCE AND HUMAN PROSPECTS 

thousands of years ago, are still present beneath 
the surface, and reappear at unexpected intervals 
even in civilized man. Among the more back¬ 
ward modern races of humanity they have 
scarcely changed. 

In short our surviving species of Homo , being 
one of the mammals, is probably as definitely 
limited in his possibilities as are the other species 
of that class. Just as we do not expect a dog 
l to learn algebra, although he can learn to open 
I a door, so we probably ought not to expect more 
from present-day man than his brain is capable 
of attaining. As Hawkins (1930), the English 
palaeontologist, sees it: 11 Our mental capacity 
is a specific character/' If this is the truth of 
the matter, it may be over-optimistic to expect 
our own species to rise far above his present stage 
of mentality. Notable improvement along lines 
already established, and a raising of the other two- 
thirds of the earth's population to or above the 
level of the present civilized minority, may well 
take place over the centuries and thousands of 
years yet remaining in the expectable future life 
of this species. His contribution to biological 
progress will then have been made, and, if 
'listory is to repeat itself, he will then be ready 
for conquest, if not extermination, by some other 
type of being, perhaps some new species of the 
hominidae that has more innate capacity for 
progress. 

Whence may such a higher species originate ? 
Will it be an outgrowth of the most highly 
civilized nations of to-day ? The general testi¬ 
mony of history suggests the contrary. The 
ancestral mammals did not spring from the most 
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advanced dinosaurs of the Mesozoic era. Man 
and the great apes are traced back, not to the 
large specialized mammals of Eocene times, but 
to primitive generalized animals related to the 
humble insectivores. The extraordinarily suc¬ 
cessful Mongol dynasty of the Middle Ages arose 
not from the cultivated Chinese of Nanking, but 
from a tribe of barbaric nomads of the steppes. 
Likewise the most civilized nations of modern 
Europe did not spring from the Romans of 
Caesar’s day, but from the forest barbarians 
around the Baltic. Perhaps, therefore, the 
progenitors of the newer and better man will 
appear unnoticed in some remote and backward 
comer of the world, where they can develop in 
obscurity, while the well-known modem races of 
Homo sapiens contend with each other for a 
transient supremacy. 

Just as it would have been difficult for even a 
most intelligent trilobite to imagine the fish, 
which was destined to drive him from the scene, 
so it is not easy for us to forecast the nature and 
potentialities of that new species of Homo which 
may appear in the distant future, unless indeed 
our genus itself has by that time run its course 
and is not destined to offer the world anything 
further. It is of little consequence whether 
such a new species may have smaller teeth, a 
skin less hairy, or taller stature. The only way 
in which he is likely to outstrip Homo sapiens 
effectively is in the quality of his brain. Will 
he be able to absorb knowledge more rapidly and 
remember it better? Will his imagination be 
keener ? Will he reason out his problems more 
effectively ? And, above all, will his life and 
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conduct be controlled by his intellect rather than 
by his feelings ? If so, he may be able to take 
knowledge in larger doses, profit more by the 
stored-up experience of others, instead of merely 
by his own, and by the lessons of history. He 
should be far more educable than any earlier 
species in the family. 

It may be objected that these speculations are 
hardly optimistic, that they do not present a 
hopeful picture, and that they do not necessarily 
envisage continued progress towards a far higher 
and better human world. To this I must reply 
that a scientist is under no obligation to be an 
optimist. His only concern must be to approach 
nearer to the truth. If the truth offers hope, 
we may all rejoice; if it fails to do so, we are not 
thereby justified in denying or even ignoring it. 
As King Solomon long ago advised, let us get 
understanding, and by so doing we may reach a 
serenity of outlook that will fit us better to play 
a worthy part in the great drama of human 
evolution. 
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